Cardiovascular diseases (CVD) are the primary cause of premature deaths, particularly in developing countries. Blood lipid disorders, including low levels of high density lipoprotein cholesterol (HDL-C) and high levels of triacylgycerols (TG) and low density lipoprotein cholesterol (LDL-C), constitute a crucial risk factor for CVD (Yusuf et al., 2004; Weissglas-Volkov and Pajukanta, 2010) . The adverse changes in blood lipid parameters may result from excessive consumption of monosaccharides and disaccharides (Yang et al., 2014) , which are added more and more frequently to foodstuffs for technology and flavour purposes. Therefore, the Institute of Medicine recommended in 2002 that added sugars should not exceed 25% of daily caloric intake (Institute of Medicine, 2002). In 2003, the World Health Organisation recommended that added 
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. Comparing the effects of sucrose and high-fructose corn syrup on lipid metabolism and the risk of cardiovascular disease in male rats. Acta Sci. Pol. Technol. Aliment., 16(2), 231-240. http://dx.doi.org/10.17306/J. AFS.2017.0482 sugar should not exceed 10% of the daily discretionary calorie allowance (WHO, 2003) , and at present the American Heart Association recommends limiting the amount of added sugar consumed to no more than 100 calories per day for women and 150 calories per day for men, which equates to about 5% of the daily discretionary calorie allowance (Vos et al., 2016) . But for most of the population meeting these requirements seems to be impossible.
The objective of this study was to compare, in an animal model, the effect of different sugar types (sucrose vs. high-fructose corn syrup 55%) consumed as 10% by weight of the diet (11.6% of daily caloric intake) on the amount of food consumed, body weight, fatty tissue deposits, concentrations of selected lipids, and atherogenic indices of blood plasma.
MATERIAL AND METHOD

Material
The experiment was conducted on 30 5-month-old Wistar male rats, of initial body weight 398 ±32.6 g. The rats were obtained from the animal husbandry of Chair and Department of Toxicology, Poznań University of Medical Sciences, Poland. The research was approved by the Local Ethics Commission (Approval no. 1/2012).
Methods
After a week-long conditioning phase on standard laboratory rat feed in the vivarium environment (temperature 21-22°C, humidity 55-60%, 12 h/12 h light/dark cycle), the animals were sorted into three equinumerous groups (n = 10) of similar average body weight (397 ±33.1 g), housed in individual cages, and fed ad libitum on pelleted feeds composed of the same components except for the varying components being tested, produced by the Feeds and Concentrates Plant in Kcynia, Poland. The procedure 5.14.5 "Cleaning of machines and devices" was implemented prior to the introduction of the feeds. Group I (CON) received the standard feed (Labofeed H), while group II (SUC) was fed modified feed 1, and group III (HFCS) modified feed 2. In modified feed 1, 83.5% of the wheat was substituted with wheat flour, and 50% of the corn grain was substituted with sucrose (relative to the standard feed). In modified feed 2, sucrose was substituted with high-fructose corn syrup-55 (HFCS-55 is 55% fructose, in powdered form). HFCS-55% was selected because it contains more fructose (than HFCS-42), which causes adverse metabolic effects. HFCS-55 is added not only to beverages, but also to solid foods. Sucrose or HFCS accounted for 11.6% of the calories consumed. The proportions of the other components was unchanged (Table 1 ). All diets were based on the balanced modification of the AIN-93 diet formulation (Reeves et al., 1993) . Changes of feed components were designed to reflect the changes taking place today in the composition of diets, which contain simple sugars and refined carbohydrates. The animals were provided with pure water to drink.
Experimental studies usually test diets comprised of 15-30% sugars, but still it is not known how an Fodder chalk (97% CaCO 3 ) 1.5 1.5 1.5 . Comparing the effects of sucrose and high-fructose corn syrup on lipid metabolism and the risk of cardiovascular disease in male rats. Acta Sci. Pol. Technol. Aliment., 16(2), 231-240. http://dx.doi.org/10.17306/J. AFS.2017.0482
www.food.actapol.net/ increase in added sugars of 11-12% calorific intake, only slightly exceeding the recommended value (10%), would change the tested parameters. Moreover, this study considers the type of sugar used, because sucrose is being replaced more and more frequently by high-fructose corn syrup (HFCS) (Bruhns, 2009) , and its effect on the human body has not been determined unambiguously (Melanson et al., 2007; . Compared to glucose, fructose exerts a more adverse effect on lipid metabolism, which has been confirmed in a number of studies (Chong et al., 2007; Schaefer et al., 2009; Vasankari and Vasankari, 2006) . However, it is not known whether the small difference in fructose content between sucrose (50% fructose) and HFCS-55 (55% fructose) is sufficiently significant to alter the metabolism of lipids.
Analyses
The prepared diets were subjected to chemical analysis (AOAC, 2003) to determine the contents of total nitrogen (by Kjeldahl's method, on Kjeltec 2100 apparatus), converted to quantity of protein, crude fat (by Soxhlet's method, on Soxtec 1046 apparatus), dry matter (by a gravimetric method), ash (by a gravimetric method) and fibre (in an ANKOM 220 apparatus). The digested carbohydrate content was calculated from the difference between dry matter and the sum of the other solid dietary components. The metabolisable energy was calculated using commonly applied energy equivalents ( The experiment lasted for six weeks, the amount of feed consumed by the animals was recorded daily, and once a week the animals were weighed. The amount of feed consumed was calculated from the difference between the weight of the feed given to the feeder and mass of feed which was left in the feeder, plus that which fell to the bottom of the frame. On the completion of the experiment, the animals were fasted overnight (12 h) and anaesthetised with an intramuscular injection (10 mg/kg m.c.) of Ketanest (Pfizer Ireland Pharmaceuticals). Blood was sampled from the heart to tubes with anticoagulant and centrifuged, at 2000 g for 10 min at 4ºC (MPW 350-R, MPW Med. instruments, Warsaw, Poland). Plasma samples were stored at 4ºC and assayed within 24 h.
Intraperitoneal and retroperitoneal fat was dissected out immediately after killing the rats, and weighed. Thigh muscles (triceps femoris) and livers were dissected and used to determine the percentage of crude fat, with the Soxhlet technique in Soxtec HT6 apparatus (Foss Tecator).
Blood plasma obtained after clot centrifugation was assayed for the concentration of triacylglycerols (biotest -10 *Vitamin-mineral composition used in animals feeds content per kg: A -1 500 000 IU, vit. D3 -100 000 IU; vit. E -8000 mg, vit. K -300 mg, vit. B1 -1200 mg, vit. B2 -1200 mg, vit. B6 -1000 mg, vit. B12 -8 mg, Se -100 mg, Fe -16 000 mg, Mn -4500 mg, Zn -6000 mg, Cu -1300 mg, I -100 mg, Co -200 mg.
The Atherogenic ratios were calculated as follows (da Luz et al., 2008; Dobiásová, 2004 ):
Statistics
Biochemical data is shown as mean and standard deviation. The resulting data was tested for normality of distribution (Shapiro-Wilk test) and processed statistically by means of the Statistica software package, using the post hoc Duncan test at the significance level α = 0.05.
RESULTS
Analysing the results, it has been found that rats on the sucrose diet consumed significantly less food per 100 g of body weight, but the energy intake was comparable among all animal groups (11.84-12.27 MJ/6 weeks). Although the energy intake was comparable, weight gains in animals on sucrose or HFCS diet were statistically significantly higher, both in direct terms and per unit of energy intake ( Table 3 ). The effect was not associated with perivisceral fat accumulation, with similar fat deposits being found in all the tested groups. The type of sugar affected muscle fat content, which was statistically significantly higher in animals on the sucrose diet (3.54%) compared to the other animals (CON 2.41%, HFCS 2.62%). Moreover, liver fat was statistically significantly higher in animals on the sucrose diet (2.73%) than in the control group (2.51%), but comparable to that found in animals on the HFCS diet (2.57%). . Comparing the effects of sucrose and high-fructose corn syrup on lipid metabolism and the risk of cardiovascular disease in male rats. Acta Sci. Pol. Technol. Aliment., 16(2), 231-240. http://dx.doi.org/10.17306/J. AFS.2017.0482
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The HDL-C level was the lowest in animals on HFCS (0.536 mmol/L), which resulted in a significantly higher Castelli's risk index-I (5.10 vs. 3.44-3.84). It has been found that all the atherogenic indices (CR-I, CR-II, AIP, AC) were statistically significantly higher in animals on the HFCS diet compared to both the control group and those on sucrose diet.
DISCUSSION
In this study, food intake per 100 g of body weight was lower in animals consuming added sugars compared to the control group, but only the effect of sucrose was statistically significant. Similar results were obtained by Tsanzi et al. (2008) and Light et al. (2009) who found that food intake in animals on a sucrose diet was lower compared to those on HFCS-55 diet. The glycemic index (GI) is regarded as one of the most significant factors affecting food consumption. Taking the GI value into account, 65 for sucrose and 73 for HFCS-55 (Segal et al., 2007) , it may be assumed that the slightly higher food intake in the group on the HFCS-55 diet could result from elevated blood glucose level after feeding, which in turn was followed by hypoglycaemia that promoted excessive food intake (Ludwig, 2002) . Also, a lower energetic reserve, related to a lower amount of fatty tissue, could cause increased appetite in animals on an HFCS-55 diet compared to animals on a sucrose diet, in which slightly higher perivisceral fat deposits were found, as well as higher levels of muscle fat. One of the arguments against the use of HFCS is its potential ability to affect insulin and leptin levels, as fructose, unlike glucose, does not stimulate the secretion of insulin and leptin, and may increase the intake of food. However, the energy intake was comparable in animals from all the tested groups. These results are in accordance with findings of Roy et al. (2003) , and show that, in animals, meeting energetic needs is of paramount importance in regulating food intake. Studies based on animal models eliminate the effect of emotional factors, which significantly influence food intake in human subjects. People often eat to satisfy their psychological needs, such as the desire to feel good or to relieve emotional stress, rather than because of being actually hungry. Moreover, social and cultural aspects are of vital importance as well (Bellisle, 2003) .
It has been found that the amount of added sugars had a significant effect on body weight gains in the tested animals, regardless of sugar type. Similar results were obtained by Light et al. (2009) and Tsanzi et al. (2008) . In contrast, Bocarsly et al. (2010) observed higher weight gains in animals on an HFCS diet than animals on a sucrose diet. However, it should be noted that they provided sugars in a liquid form, which could alter the rate of monosacharide absorption from HFCS, increase the GI index, stimulate insulin release, and, as a consequence, result in a higher accumulation of fatty tissue.
No differences in the amount of epicardial and perivisceral fatty tissue were found among the tested groups. Also, studies carried out by Light et al. (2009) did not reveal any statistically significant differences in fat deposits around gonads or in the retroperitoneal region between the groups provided with HFCS-55 or sucrose.
Lower muscle fat content was observed in animals fed HFCS compared to those fed sucrose. Chong et al. (2007) showed that eating a meal with fructose, which predominates in the diet of HFCS-fed animals, reduces the activity of lipoprotein lipase, and impaired catabolism of TG (present in VLDL) hinders tissue fat synthesis.
Animals fed added sugars, regardless of sugar type, had higher plasma TG levels. The effect of HFCS and sucrose on the TG level was also reported by Akar et al. (2012) in animals, and by Stanhope et al. (2015) in human subjects. The plasma TG level reflects the amount and type of VLDL in the blood, and indicates their enhanced biosynthesis in the liver and/or reduced clearance from the blood. A number of studies have shown that increased consumption of fructose significantly elevates the rate of lipogenesis, accelerates esterification of fatty acids, and promotes VLDL secretion. The effect is enhanced by the increase in dietary fructose. However, such an effect was not observed in this study. Due to higher VLDL levels, in quantitative terms, there is also more apoC-III and apoC-I formed in the liver (Cooper, 1987; van Capelleveen et al., 2017) . The apoproteins inhibit the activity of lipoprotein lipase (C-III) and decrease binding of lipoprotein particles to hepatic receptors (C-I), which in turn delays VLDL clearance from plasma. Moreover, apoC--III plays a crucial role in converting VLDL2 (small, TG-poor) into VLDL3 (big, TG-rich) (Sundaram et al., 2010; Qin et al., 2011) .
In this study, in animals fed sucrose and HFCS solutions, TG levels were similar. The opposite results were obtained by Bocarsly et al. (2010) who reported higher TG levels in the blood of male rats fed the HFCS-55 solution compared to the ones on sucrose. But and Yu et al. (2013) did not report any differences in the plasma TG level among humans on sucrose or HFCS-55.
This study has not confirmed that sugar type has any effect on blood cholesterol and its LDL fraction. Also Akar et al. (2012) , Light et al. (2009) and Lowndes et al. (2014) did not observe any effect resulting from HFCS on the TC level in animal and human subjects. However, it may be observed in the study conducted by Lowndes et al. (2012) that the HDL-C level was lower in people on HFCS-55 compared to those who consumed exactly the same amount of sucrose. Similarly, Bravo et al. (2013) found lower plasma levels of HDL-C in people on HFCS-55 compared to those on sucrose, although the difference was not statistically significant. Opposite results were reported by Figlewicz et al. (2009) and Ferder et al. (2010) .
In this study, the effect of added sugars was reflected in a significantly lower plasma HDL-C level in tested animals, and the effect of HFCS in that regard was stronger than that of sucrose. A low HDL-C level, indicating lower blood HDL, which act as antioxidants due to the presence in their particles of AI apoproteins and enzymes such as paraoxonase and the plateletactivating factor acetylhydrolase. In a diet containing fructose, the low HDL level has a particularly adverse effect, because fructose metabolism induces oxidative stress in rats (Girard et al., 2006) .
The lipid profile, drawn in routine biochemical tests, includes levels of TG, TC, and the cholesterol fractions HDL-C and LDL-C, which allows the risk of coronary heart disease (CAD) to be predicted through the calculation of the atherogenic index of plasma (AIP). The Framingham Heart Study revealed that abnormal values in the lipid profile play a role in developing CAD, mainly due to the high level of LDL-C (Castelli et al., 1992) . Later, CAD was found to be associated with hypertriglyceridemia and decreased HDL-C level (Brunzell, 2007) , the latter being considered an independent CAD risk factor (Von Eckardstein et al., 2001) .
In this study, LDL-C levels did not differ among the groups of animals, but the groups differed in their levels of TG, TC and HDL-C. Bhardwaj et al. (2013) showed that the risk of atherogenesis increases when TG and HDL-C levels change, even when TC and LDL-C levels are comparable. In order to assess the CVD risk in this study, the following atherogenic markers were applied: CR-I, CR-II, AIP, and AC, which have been proven to be very useful in estimating the CVD risk when LDL-C levels are similar.
The computed CR-I and CR-II values were significantly higher in animals on an HFCS diet. It has been reported that CR-I and CR-II values have an effect on forming atherosclerotic plaque in coronary vessels and coronary events (Nair et al., 2009) . Also elevated AIP values, resulting from high VLDL levels, are a risk factor for the incidence of cardiovascular disease, due to the increased risk of atherogenesis (Taylan and Tuncel, 2016) . AIP is a very sensitive marker showing differences in lipoprotein proportions.
The atherogenic coefficient (AC) is a measure of the amount of non-HDL cholesterol in VLDL, IDL and LDL compared to the amount of cholesterol in HDL, and it reflects the atherogenic potential of all plasma lipoprotein fractions. The importance of non-HDL-C in predicting the risk of atherosclerosis was experimentally shown to be comparable to the effect of Apo-B (Hermans et al., 2011) . In this study, the AC index was significantly higher in animals on an HFCS diet compared to the control group and sucrose-fed group.
Having computed all the atherogenic indices, it has been found that they were highest in animals on an HFCS diet compared to the control group and sucrose-fed group. In the sucrose-fed group, AIP and CR-II were higher than in the control group. The difference in the amount of fructose derived from sucrose or HFCS was just 10.3% (5.8% vs. 6.4%), but the observed differences in HDL-C levels indicate that even such a slight difference may have an adverse effect on blood lipid parameters and increase directly the risk of CVD, without affecting perivisceral fat deposits. Moreover, the obtained results show that 11.6% of added sugars in the daily caloric intake alters the lipid profile in an atherogenic direction, with the effect of HFCS being stronger than that of sucrose.
CONCLUSIONS
The HFCS-55 effect on the tested parameters of lipid metabolism was not equivalent to that of sucrose. Using HFCS-55 instead of sucrose has an adverse effect on blood lipid parameters, while weight gains and peri-organ fat deposition are comparable. Moreover, the obtained results confirm that tested animals were susceptible to the adverse effects of sugars added to their diet in small amounts. This emphasises the need to precisely control the amount of added sugars in the diet.
